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Neutron star and hyperons

Y SO Hyperons (Y) should appear
= S OO in high-density conditions

“Hyperon puzzle”
Softening of EOS w/ hyperon appearance

2.5+ PSR J1614-2230 PSR Jo348+0432
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Km@wﬂ@@]@@ of Hyperon-Nucleon interaction is essential
to understand structure of neutron stars.
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Experiments for-
Strangeness = -1
system -

A hypernucleus




Hyperon-nucleon (YN) interaction .
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XN scattering experiment (E40)

o

3. Energy of proton 2. Scattering angle

2p scattering

Two-step process in the liq. H2 target
+

e HomEnil P Cylindrical detectors (fiber + BGO)-

2 production

K+

CATCH system

Cylindrical Fiber Tracker

.

missing)

A fiber detector allows the use of
a high-rate beam (~10 MHz)




XN scattering experiment (E40)

1 K. Miwa et al.,
i PRL 128, 072501
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New measurements
with the CATCH system
for AN scattering.



A hypernuclei studiedin J-PARC
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A hypernuclei studiedin J-PARC

19 F
Hypernuclear chart 016 B A
A
Gamma-ray data N
using Ge detector \/
14 15
NS N

First gamma-ray data

13.C[14,C beyond p-shell (A>16)
A
) " [E13]
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Charge symmetry breaking (CSB)
in mirror hypernuclei [gamma-ray data]

[ E13, E63 ]




A hypernuclei studiedin J-PARC

High-resolution [ E94 ] ”
reaction spectroscopy ( 1)_6 o AF ,
Gamma-ray data d{_\o(\ L A
= deuteron using Ge detector < 14 NK.{S N
3H A A .
AL TR IS0KeY, o First gamma-ray data
8. &L 2 c|8,c|.c| |beyond p-shell (A>16)
Lifetime measurement o ¢ 0. g T 82,8 HEE
of the lightest hypernuclei ;)
[E73] Be
Search for
neutron-rich hypernuclei
[E10]

3H 3He

Charge symmetry breaking (CSB)
in mirror hypernuclei [gamma-ray data]

[ E13, E63 ]
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Ofservation of CSB effectin hypernuclei

Level schema of mirror A=4 hypernuclei . H %D @
= — Ap#FAn?
17 0.95%0.04| 0.98+0.03 17T 4 He %
12t 1t -
s ETLD E~=1406 \/
3 H = +0.002 \3 H T. O. Yamamoto et al., Phys. Rev. Lett.
+0.002 ; e 115, 222501 (2015)
Lol - [present] - -
R ey . (d) bound region
2.157 AT 2.04%0.04 0t 150 ¢ Doppler corrected
£0.005£0.077 || 44 < 100 E L
IMAMI-C] A 2.39+0.03 - iHe : 17 07 (1406)
4 50 F ¥
M AHe N | .
By [MeV] ' 500 1000 1500 2000 2500
. E, [keV
Updated in J-PARC exp. el

Existence of Charge symmetry breaking (CSB) in A=4 system was confirmed
by gamma-ray spectroscopy using Ge detector array, Hyperball-J.

- ~0.3 MeV difference in excitation energy.
-> Spin dependent CSB effect?
- AN-XN mixing may play important roll?



New measurem

ent for 4, Hgamma-ray

13

Old data using Nal detector 1t 09520.04| 0.98:£0.03 i+
‘ ---------------- -, 1/2+
New experiment Ey= 14;%902 E,=1.406 | .
[J-PARC E63 started from 2025] [ | *H L0031 °He
Precise data using Ge detector R tpresent] 1
P pe
2.12+0.01£0.09 4H Y
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Secondary hypernuclei method 4|_|e
7 . Tc_ ’BA [MeV]v’ /\\
L1 ~0.8 GeV/e Machine learning anaIyS|s for emulsion exp.
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el O = Bauam=2.18B) MeV o o5 025), 083001
N (1) Selecting excitation energy above
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/ N\
3H€ 4

(2) Coincidence y measurement
4 H(O+) w/ Ge detectors



New measurement for 4 Hgamma-ray

Ge detector array: Hyperball-XX Gamma-ray energy spectra [2025 data]
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i 4 H peak @1.1 MeV is observed even with the present statistics
<5 keV accuracy is expected w/ full statistics (in 2026 run)
= Excitation energy for both 4,H / 4,He will be fixed by solid data.
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Experiments for-
Strangeness = -2 -
systems -
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K-(su) beamline is essential.



Reaction spectroscopy of E hypernuclei

(K-, K*) reaction spectroscopy experiments
are flagship experiments at the J-PARC HEF K1.8 beamline.

P. Khaustov, Phys. Rev. N J-PARC experiments
C61 (2000) 054603 i
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Reaction spectroscopy of = hypernuclei

(K-, K*) reaction spectroscopy experiments
are flagship experiments at the J-PARC HEF K1.8 beamline.

P. Khaustov, Phys. Rev.

C61 (2000) 054603 B
S 1
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5157 5 300 E885 /
g (S [ 14Mev
[ J, i / B4z
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Excitation Energy (MeV)
No clear peak structure

for bound states
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J-PARC experiments

3 [}:E)Lahﬂfl

8 MeV

peak structure?
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Y. Ichikawa, PTEP,.2024 9
(2024) 091D01
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We expect observation

of peak structure
In next measurement
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Spectroscopy of = hypernuclei (E70)

18

High-resolution spectrometer (S-2S) was constructed in 2023.
Commissioning and data-taking were performed (2023-2025). .

TAp/p=5x104
p/p (FWHM)

Active Fiber Target (AFT)
d3mm scifi (CH), 10g/cm?

Ap/p 10X 104

(FWHM)

K1.8 beam-line
spectrometer

~ Key point @)
| for high resolution

Nl B me x. ...... |

> ’;_; : o> /
T
Key point @
for high resolution
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Spectroscopy of = hypernuclei (E70)

Count
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—_ + - —_
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€ >55k events of £
¢ 5 MeV (FWHM)

- 350G kaons irradiated on the target.
(x4 of the previous E05)

- Analysis is on-going
* x2 better resolution than E05 so far.
* We are making effort to achieve
the designed resolution
(x4 better than E05)
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* f |%x7 7 | New cross-section data:
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(preparing for the publication)
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Search for = bound system w/ Emulsion
Done in J-PARC EO07

Emulsion image in = nuclear absorption s AR akawa o
- Phys. Rev. Lett.
Ay 126, 062501 (2021)
SSD . e A
K- Tar I // LK -
1.8GeV/c \:__\\\ Production and decay
- ) at the same point

Ge detector

Emulsion SNeets

“Hybrid method”
SSD tracking
+ Track following in emulsion

E™ + N — "Be(#1) + 3He(#2)

- Many “E bound state — twin A hyper nuclei” events were found.
* Binding energy of “E bound states” was measured
from track length/direction.
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Search for = bound system w/ Emulsion "
Done in J-PARC EO07_

K. Nakazawa,

4 B-- of =—-14N system | hvp2022
N 4r Experimental data Coulomb B la_z&i?[;o@ﬂ E . . -
I -
0.: atomic 3 ‘ _/ @@][ﬂ:@m@um@ i
[ = ¥
= 2020 X-rays? :
= -4 = Observation of 1s state
& OF suggest_s very weaker _
3 absorption than prediction.
-10 -
Ty — E Small EN—AA conversion?
5§ 5 § 3535z *8 % %I E Effect of E-p-Z°n mixing?
-z B O F I = = o =
A EEEEEE SRR
v S 2 2 w » = g %
S 2 S 2 £ B 2p state 1s state
M. Yoshimoto, et al., Prog'.—Theor. Exp. Phys. 2021, 073D02 (2021).
Special events found in J-PARC E07 ‘
= S—— . De-excitation
¥ ) IRRAWADDY before absorption?
event — Need father statistics

and X-ray data



22
X-ray spectroscopy of Z"atom |

E- stops in matter— formation

Sieiechemeoiiiesaton and de-excitation of =- atom
)
§ n=7
2 X-ray®d
% n=6
20
:

Coulomb only

] lEnergy shift X-ray@

EN—-AA
Nuclear absorption

n=

distance <10fm

‘Coulomb
+ZN Strong int.

| (orbital angular momentum)

Measurement of energy shift and width

— Z="A real and imaginary terms (near surface)

We are aiming at world first measurement of X ray from =Z--atom




X-ray spectroscopy: 1t and 2n9try

Technical difficulties:

- Low yield rate (K- beam intensity x cross-section)
- High - momentum (~0.5 GeV/c) for the (K- ,K*) reaction
— Large decay prob. (BG) & Low = stop prob. (Signal, forming = atom)

Emulision method [E07]

P(+

1.8GeV/c

Ge detector =- StOp
+" X-ray

Emulsion Sheets

GOOD

@ Stop ID w/ emulsion (good S/N)

BAD

gp Limited yield due to emulsion

High density target method [E03]

Iron target K+

K'_.qlf'

=" stop

Ge detector
“" X-ray

GOOD

@S High yield rate

BAD

gp No direct stop ID (bad S/N)

23
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X-ray spectroscopy: 1t and 29 try *

Emulsion method [E07]

for Ag, Br-atom inside emulsion

M. Fujita et al., PTEP2022 12, 123D01 Br Ag

(¢) "o-stop without short prong" + |
" p-stop with Auger electron”

300 350 200 Energy [keV]

counts/1keV

Not enough statistics due to limitations from the emulsion

High density target method [E03]

7—6 6—5
172keV. | w/= missing mass select Upper limit for

| 281” X-ray-emitting prob. = 0.19

o
E)
2
@
2

Counts / 2 keV
o
3

(=71

(=]

o
III|III||II!II

—

- BG level: as expected

— - X-ray yield may be
w/ E missing mass select
+ selecting high-stop smaller than expected

probability events

Counts / 2 keV
I

| ; : Effect of = p-Z°n mixing?
S ‘1(550‘ o 'zé: Ishikawa, q‘ozg}::]ra{rhgsfs{202400 (in N and Fe cases)

Frnarawv Mkal/1




X-ray spectroscopy: on-going exp.

Stop ID using AFT [E96]

GOOD

@ Balance of yield and S/N

Ge detector array Hyperball-X B

R,
T

Four Ge detector uhwits
at corner of AFT system

Event display for anti-proton beam da

60

40

20

1 High energy deposit
“ at stop point

E w/ AFT cut
160; +«—— p-bar C-atomic X-ray : 40 keV
120-

80 WWWMWMW N
40 A\ “WMW
0 u‘.l.‘.IQ.(‘.\..“\...‘\
50 100 150 200
Energy (keV)

Data-taking was finished in 2025.
Analysis (AFT hit image) is ongoing

250
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Experiments with HypTPC @K1.8 | |

= e——
Gas vessel
- famme ) - o
[ ‘_I_i_ (sensit -._I]
586¢
1 P10 gas p
Targgt holder E=180V|cm
/ J
A / 4
K heamp s | ]
s beamal - H
ry | g HH‘-H"“M-«..
target 2 K
__fift’ § _
r.fI:‘__:__ _—.____:1 Gating grid
| == —35 ] GEMs
r' ; T e | |/ _Pad plane

-

= Baryon spectroscopy [J-PARC E42]
done in 2021

= Cusp spectroscopy [J-PARC E90]

Hyperon Spectrometer (HypTPC) will be run in 20277

+ KURAMA @ K1.8 beamline

Covered by Tanida-san’s talk.
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Future prospect™
and
collaboration™
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Counts / 20 ps

Various beam particles in K1.8

g
o
(=]
o

1500
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K- mode [1 8 GeV/c]

H\ Green AC trlg
r K

[~1M/spill]

Time-of-flight [ns]
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Anti-Deuteron mode [1.8 GeVI/c]

10 =
1:}“;— —
g d
ma;_ [~1/spill]
1:}2;— ‘
"B, L i [l|]| KIHI[HMML !J‘
30 25 2 -0 -5

Time-of-flight [ns]

0 5 10
Blue: single hit

in TOF counter

- Separated beams of e, p, &, K, p up to 1.8 GeV/c
- In 2025, we succeeded in extracting d beams

at 1.3, 1.5, and 1.8GeV/c
-> new idea/experiment are welcome
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HEF Extension project-

High-p | Meson prbperties in ﬁuclei
K1.8BR (~1.0 GeV/c, K) K1.8 (~1.8 GeV/c, K)
K10 | Exotic hadron spectroscopy

Kaonic atom / nuclei, S=-2 hypernuclei
lifetime measurement

extension@

HIHR (~2 GeV/c, n)

HEF-EX allows us to extend Precise A hypernuclear spectroscopy

accessible physics and K1.1/K1.1BR (~1.2 GeVic, K)
run in parallel w/ twice beam lines S=-1 physics, gamma-ray spectroscopy
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A Hypernuclear spectroscopy at HIHR

Reaction spectroscopy with sub-MeV resolution

is essential for hypernuclear study

HIHR: Dispersion-matching beam line

* 0.4 MeV resolution
= pion beam intensity = 10%/spill
(100 times higher than KEK-PS)

K. Miwa talk at HDex Workshop 2023

i i s O iy
O oo oo oot
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é_ ::Z::Qﬁ +5017x _Ul
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> 03
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Clear separation at HIHR
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Re-organizeation of Collaboration *

@J-PARC NEAYR—La—Y—% (HUA) [English]

E : HEF-ex2024, Feb19-21 2024, Tokai

URL.: https://www.rcnp.osaka-u.ac.jp/~jparchua/en/index.htmi

Discussion was started based on Hadron hall User Association (HUA)
for (potentially) newcomer to:
- joining planed exp.
- support for new proposal
- access to existing data set Announcement will be made
in near future.
Please contact us if you are interested in.



summary

Many experiments were conducted at the J-PARC K1.8 beamline

for hyperon-bound systems.
— Study of hyperon-nucleon interaction

€ Exp. for S=-1system
- Hyperon scat. exp., gamma-ray spectroscopy

€ Exp.for S=-2 system
- Reaction spectroscopy, emulsion, X-ray spectroscopy

Future:
- anti-d beam at K1.8 beamline (new ideas are welcomed)

- Hadron hall extension project
- Hadron hall corroboration re-arrangement

32
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Experimental setup at J-PARC K1.8 beam line

(K~, ™) reaction is identified by K1.8, S-2S

Li measure

K~ (0.9GeV/c) e T w/S-2S spectrometer
measure ﬁ. 7Li* measure
w/K1.8 spectrometer Nl y-ray w/Ge detectors
MS2 c \
BH1 % BFT 3He\'. AH(Y)
K1.8 beam line 5-25 .
010 spectrometer spectrometer S:CC;S
SDc3
«r)ll':5 Ge
detectors ¢pcyq
BC4 \ /(.'SDC2
BC3 [ |
J
K0148 =
ey e b
S (0.9 GeV/cf BH2 ;T

BAC1
BACI target




Counts/1 MeV

Mass-gate dependence of y-ray spectra

Decay thresholds of ;Li
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A peak ~1.1 MeV appear in the mass gate

above the tH threshold.



>-C atomic X-ray measurement w/ Spectrometers coincidence

y-ray and X-ray energy spectra w/ MM cut

Missing Mass of p(k—, zH)x -
o 8 A : - (a) selection
00— SDO_— .
(a) £~ elementary (b) selection
oo 250}
s} HJJ! “~~__(b) others .
wof- / p F
300|— — "JJJ 1501—
- HFH B
-] -
- . 100f- C-z- atomic X-ray
00 QF region .
: ( ——— | sof (4F—3D) 50.68 keV
Q.-1 1|15 12 1.|25 |f3 1.55 1?4 145 15 Eni}%itsa'u?]'ﬁ g Preliminal'y
0 20. ’ IllID. = E{U : .Blol I II{!IOI I .1,';0. : I11I10. IE.'IéDI{k.'u:]
nargy(ke'

(@) p(k—,zHZ : 1.18 GeV< MM < 1.20 GeV
(b) others : 1.50 GeV< MM < 1.52 GeV

target : CH [AFT]
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